We present new spectroscopic observations that are part of our continuing monitoring campaign of 88 quasars at z < 0.7 whose broad Hβ lines are offset from their systemic redshifts by a few thousand km s −1 . These quasars have been considered candidates for hosting supermassive black hole binaries (SBHBs) by analogy with single-lined spectroscopic binary stars. We present the data and describe our improved analysis techniques, which include an extensive evaluation of uncertainties. We also present a variety of measurements from the spectra that are of general interest and will be useful in later stages of our analysis. Additionally, we take this opportunity to study the variability of the optical continuum and integrated flux of the broad Hβ line. We compare the variability properties of the SBHB candidates to those of a sample of typical quasars with similar redshifts and luminosities observed multiple times during the Sloan Digital Sky Survey. We find that the variability properties of the two samples are similar (variability amplitudes of 10-30% on time scales of approximately 1-7 years) and that their structure functions can be described by a common model with parameters characteristic of typical quasars. These results suggest that the broad-line regions of SBHB candidates have a similar extent as those of typical quasars. We discuss the implications of this result for the SBHB scenario and ensuing constraints on the orbital parameters.
INTRODUCTION
The empirical relationship between masses of supermassive black holes (BHs) and the stellar velocity dispersion or integrated stellar luminosity of their host galaxies (Kormendy 1993; Magorrian et al. 1998; Ferrarese & Merritt 2000; Gebhardt et al. 2000; Gültekin et al. 2009 ) has been taken as an indication of an evolutionary connection between the black hole and host galaxy. The discovery of this relationship has motivated the development of a new generation of merger-driven galaxy evolution models in which coordinated black hole accretion and star formation in the host galaxy lead to the observed relation between their masses (e.g., Volonteri et al. 2003; Di Matteo et al. 2005; Hopkins et al. 2006; Volonteri et al. 2015 , and references therein). The theoretical models are bolstered by observations of dual active galactic nuclei (AGNs), with kiloparsec-scale separations, in interacting and merging galaxies. These can be detected directly via imaging (e.g., Junkkarinen et al. 2001; Komossa et al. 2003; Ballo et al. 2004; Comerford et al. 2009a; Fabbiano et al. 2011; Koss et al. 2011 Koss et al. , 2012 and indirectly via their double-peaked narrow emission lines (Comerford et al. 2009b; Wang et al. 2009; Smith et al. 2010; Liu et al. 2010a,b; Shen et al. 2011a; Fu et al. 2011 Fu et al. , 2012 Barrows et al. 2012; Comerford et al. 2012 Comerford et al. , 2013 .
The formation of supermassive black holes binaries (SBHBs) during the late stages of the mergers is one outcome of hierarchical galaxy evolution. In the evolutionary scenario of SBHBs, first described in detail by Begelman et al. (1980) , the orbital decay of close, bound binaries slows down dramatically or stalls at separations of order 1 pc because of "loss cone" depletion (the loss cone is the region in stellar phase space containing stars that can scatter off the SBHB and drain its orbital angular momentum). This slow-down has been termed the "last parsec problem." However, modern calculations have shown that the SBHB orbital decay may proceed unimpeded because the loss cone can be replenished by 3-body relaxation (e.g., Yu et al. 2005; Milosavljević & Merritt 2003) , the influence of nonspherical potentials (e.g., Yu 2002; Merritt & Poon 2004; Berczik et al. 2006; Khan et al. 2013; Vasiliev & Merritt 2013; Vasiliev et al. 2014) , or interactions between the binary and a reservoir of gas (e.g., Armitage & Natarajan 2002; Escala et al. 2004; Dotti et al. 2007 Dotti et al. , 2009 Cuadra et al. 2009; Lodato et al. 2009; Farris et al. 2015a) .
Observational evidence for close, bound SBHBs has proven quite elusive. The two noteworthy candidates are CSO 0402+379, with a projected separation of approximately 7 pc (imaged by radio interferometry Maness et al. 2004; Rodriguez et al. 2006 Rodriguez et al. , 2009 and OJ 287, where outbursts in the light curve occurring on a ∼12 year period have been explained in this context (e.g., Valtonen et al. 2012, and references therein) . The identification of such systems is particularly difficult because these small separations are not resolved at cosmological distances. Yet, finding SBHBs is important because it would validate the galaxy evolution scenarios mentioned above, because SBHBs have been invoked to explain a variety of other astronomical observations (see summary in Eracleous et al. 2012 , hereafter Paper I), and because they are the progenitors of low-frequency gravitational wave sources potentially detectable by Pulsar Timing Arrays (e.g., Arzoumanian et al. 2014 , see Sesana 2015 for a review) and future space-based instruments (see Amaro-Seoane et al. 2012 , for a review).
Recent observational searches for sub-parsec SBHBs, motivated by the work of Komossa et al. (2008) and Boroson & Lauer (2010) , have turned up many new candidates. An in-depth review of the field can be found in Bogdanović (2015) and a discussion of an array of techniques to identify SBHBs, primarily via their emission-lines, is given in Popović (2012) . The widespread approach has been to make an analogy with single-line spectroscopic binary stars (see e.g. Gaskell 1996 , for a review of this concept) and search for indications of orbital motion in the periodic velocity shifts of the broad emission lines relative to the narrow lines. In this spirit, a number of groups have searched for quasars from the Sloan Digital Sky Survey (SDSS) whose broad Hβ or Mg II emission lines are displaced from their systemic redshifts by several hundred to a few thousand km s −1 and/or show substantial radial velocity variations about their systemic redshifts (Paper I; Tsalmantza et al. 2011; Decarli et al. 2013; Shen et al. 2013; Liu et al. 2014; Ju et al. 2013 ). In the working hypothesis adopted for these searches, the SBHB sits in a circumbinary disk and the secondary, which can more easily access gas on the inner edge of this disk (see, for example, Artymowicz & Lubow 1996; Hayasaki et al. 2007 ), accretes at a much higher rate than the primary and alone has a broadline region (BLR). In the picture emerging from the observations, SBHB candidates that have been extensively tested and are still widely held to be viable are rare, but initial studies of pairs of spectra, taken years apart, suggest that in some cases observed velocity shifts of the broad emission lines are consistent with orbital motion (e.g., Paper I Shen et al. 2013; Ju et al. 2013; Liu et al. 2014) . It is important to note that the interpretation of these measurements is complicated by many significant caveats, as discussed in Paper I, because the broadline shifts are not unique signatures of orbital motion.
Obtaining more robust constraints on the nature of the SBHB candidates via the radial-velocity technique can be accomplished by long-term spectroscopic monitoring. If the orbital periods are of order a century, as noted by a number of authors (e.g., Yu 2002; Loeb 2010; Decarli et al. 2013 , Paper I), we may be able to detect small but systematic radial velocity variations over the course of 1-2 decades. If the orbital periods happen to be of order a few decades, we may be able to monitor a complete orbital cycle in our lifetimes. Thus, we have been carrying out a spectroscopic monitoring program of the sample from Paper I and refining our methodology for analyzing the data. In this paper, our primary goal is to present the spectra we have obtained since Paper I and a refined analysis aimed at (a) verifying some of the results presented in Paper I and (b) quantifying the uncertainties in our measurements of spectroscopic properties. We also take advantage of this opportunity to pursue a secondary goal: explore the variability of the continuum and broad Hβ line fluxes of our SBHB candidates and compare them to those of a sample of typical quasars of similar luminosity and redshift. In a forthcoming paper we concentrate on the study of long-term radial velocity variations, where we will adopt lessons learned here about broad line variability.
The continuum emission in quasars is known to vary, the amplitude of fluctuations is typically on the order of 10-30%, increasing towards longer time scales and eventually leveling off at periods longer than a few years (as inferred from long-term light curves and structure functions; e.g., Hawkins 1993; Giveon et al. 1999; Sesar et al. 2006; MacLeod et al. 2012 , and references therein). However, the mechanism producing the offset emission lines in the absence of a SBHB may leave its imprint on the flux variability as well. Recoiling black holes, where the supermassive black hole and BLR are kicked out of the center of the host galaxy following a merger, can also produce offset broad lines and would presumably display variability of the continuum and broad emission line flux that is consistent with a typical quasar. Although simulations suggest that the accretion history of recoiling black holes will differ significantly from ordinary AGN over the course of their 10-100 Myr lifetimes (Blecha et al. 2011; Guedes et al. 2011) , on time scales of decades or less the variability properties should be normal. It is not completely clear what might be expected of flux variability in a SBHB. Simulations of massive black hole binaries with gaseous disks generally find variable accretion rates (e.g., Hayasaki et al. 2007; Cuadra et al. 2009; Noble et al. 2012; Roedig et al. 2012; Shi et al. 2012; Bode et al. 2012; D'Orazio et al. 2013; Farris et al. 2014) , and calculations suggest that the luminosity and accretion rate can remain proportional (Farris et al. 2015b ), but beyond this the results diverge. The time scale for variability can range from 0.5 to 10 times the binary period (e.g., D 'Orazio et al. 2013; Farris et al. 2014) . Observational searches have taken advantage of the possibility that continuum variability may be synchronized with orbital motion of the binary and some SBHB candidates have been claimed based on their light curve (e.g., Graham et al. 2015; Liu et al. 2015) . In these cases the orbital periods are very short, amounting to a few years or less. Taken at face value, such systems would represent the last stage of the evolution of the SBHB, just before the merger (in comparison, the candidates found via offset broad emission lines have orbital periods of order a few hundred years and, if their orbits were to decay by gravitational radiation alone, tit would take them ∼ 10 10 years to reach periods of a few years). However, the ubiquity of red noise in quasar power spectra introduces substantial uncertainty into this approach (MacLeod et al. 2010) . With these considerations in mind, studying the flux variability properties of objects with offset broad emission lines can be valuable and informative, whether the line offsets are indicative of binaries, recoiling black holes, or an extreme population of individual quasars.
In Section 2 we summarize the sample selection and describe the acquisition of new data and the construction of a comparison sample of typical quasars. In Section 3 we assess the ensemble variability of the binary candidates and comparison sample, both by considering the changes in the integrated Hβ and optical continuum fluxes and by comparing structure functions for the two samples. We discuss our results in the context of previous work and the binary hypothesis in Section 4, and also consider the constraints implied by the observed variability on the properties of the binaries. We summarize this investigation in Section 5. Additionally, Appendix A provides spectral measurements that have been made for the sample of SBHB candidates but are not utilized in this work. Throughout this work, we adopt a cosmology of H 0 = 73 km s −1 Mpc −1 , Ω Λ = 0.73, and Ω m = 0.27. 2. DATA 2.
The Sample of Supermassive Black Hole Binary
Candidates and New Spectra The selection process and spectroscopic properties of the sample of SBHB candidates are described in detail in Paper I. In summary, the sample was selected via spectral principal component analysis (following the technique described in Boroson & Lauer 2010) to identify a population of objects from the SDSS whose broad Hβ profiles do not resemble those of typical quasars. We then vetted the initial, automatically-selected sample by visual inspection, discarding, for example, clearly double-peaked profiles (which are likely produced by an accretion disk around a single supermassive BH, e.g., Eracleous et al. 1997; Eracleous & Halpern 2003; Eracleous et al. 2009 ). The final sample contains 88 objects having a median redshift of 0.32, with a full range of 0.077 < z < 0.713, as shown in the top panel of Figure 1 . Absolute V -band magnitudes, after Galactic extinction corrections but not K corrections, range from −21.25 to −26.24, with a median value for the sample of −23.04
8 . By virtue of the sample selection, the initial spectroscopic observations come from the SDSS. Paper I presents additional spectra for many objects in the sample from an array of telescopes and instruments. For this work, we use all the spectra from Paper I, plus new observations that are presented here for the first time. In Table 1 we give a summary of the new spectroscopic observations. For each of the 212 new spectra we give the observation date, telescope and instrument used, exposure time, signal-to-noise ratio (S/N) in the continuum near the line of interest, and rest-frame wavelength coverage. For completeness, we also include the redshift of each object, the apparent and absolute V magnitude, and the Galactic Vband extinction (see the footnotes to Table 1 and section 4.1 of Paper I for further details on the target properties) and we also list objects for which no new observations are presented. For reference, we note that in Paper I we presented the origi- Table 2 . g The signal-to-noise ratio (S/N) in the continuum near the line of interest. When the spectrum includes the Hβ line we give the S/N in the continuum near this line, at 4600 Å. If the spectrum includes only the Mg II λ2800 line, we give the S/N in the continuum near this line, at 2900 Å. Some of the APO spectra cover the continuum between the above lines but neither of the lines themselves; for these spectra we report the S/N in the continuum at 3600 Å. h Average of two spectra taken within a few days of each other. The exposure time is the sum of the individual exposure times and the date is the "median" of the dates of the two observations. nal SDSS spectra for our 88 targets plus 108 followup spectra. We also tabulate the total number of observations per object; with the addition of the new spectra, all objects in the sample have at least two observations and most objects have at least three observations. Time intervals between spectra in the observed frame range from weeks to over eleven years. The distribution of rest-frame time intervals is shown graphically in Figures 2 and 3 . The new spectra presented here were obtained with the Hiltner 2.4m telescope at the Michigan-Dartmouth-MIT observatory (MDM), the Mayall 4m telescope at Kitt Peak National Observatory (KPNO), the Astrophysical Research Consortium (ARC) 3.5m telescope at Apache Point Observatory (APO), and the 9.2m Hobby-Eberly Telescope (HET). The instrument configurations used to obtain the spectra are listed in Table 2 along with the spectral resolution attained by each instrument configuration. The spectra were reduced and calibrated as described in section 5.1 of Paper I. Since accurate wavelength calibration is important for our purposes, we summarize the wavelength calibration process here. We used 20-60 arc emission lines to derive the wavelength solution for each observing run. This solution consists of a polynomial of order five or less, connecting the detector pixel number to the wavelength. We required that the standard deviation of fit residuals was 0.1 pixel or less. Thus, the relative velocity scale of each spectrum at 6400 Å (the median wavelength of Hβ for our quasars) is good to 5 km s −1 for MDM spectra, 7 km s −1 for KPNO spectra, 11 km s −1 for APO spectra, and 9 km s −1 for HET spectra. We used the [O I] λ5577 line in the night-sky spectrum, recorded simultaneously with and on the same detector as the quasar spectrum, to set the absolute wavelength scale of our new spectra. After applying heliocentric velocity corrections and converting the wavelength scale to vacuum values, we aligned the quasar's [O III] λλ4959, 5007 doublet in each new spectrum to that of the original SDSS spectrum using the cross- for all objects and smaller than 7 km s −1 in 80% of objects in our sample.
A Comparison Sample of Typical SDSS Quasars
In order to characterize the variability properties of typical quasars, we generated a comparison sample of SDSS quasars with multiple spectroscopic observations in the seventh data release (DR7) quasar catalog (Schneider et al. 2007 ). Typically, each object is observed two to three times, although several objects have as many as ten observations. Starting with a list of objects with multiple observations, we selected those in the redshift range 0.08 < z < 0.7, which matches that of our SBHB candidates. To ensure our ability to make reliable measurements from the spectra, we also required that S/N > 20 in the Hβ region (using the S/N values from Shen et al. 2011b ). These criteria resulted in a comparison sample of 212 quasars that we analyze in an identical way to the sample of SBHB candidates throughout this work to facilitate a fair comparison free of any methodological biases.
All observations of quasars in the comparison sample were carried out with the SDSS spectrograph through fibers of diameter 3
′′ . The resulting spectral resolution was 2.7 Å, which is slightly better than that achieved in followup observations of the sample of SBHB candidates (see Table 2 ). Differences in spectral resolution between SDSS spectra and followup spectra is inconsequential for our purposes since all the lines of interest, including the narrow Hβ and [O III] lines, are always broader than the instrumental resolution.
Given that quasar variability properties are known to depend on luminosity and redshift, it is important that the redshifts and luminosities (primarily the luminosities) of the comparison sample span the same range as those of the SBHB candidates. The redshift distribution of the quasars in the comparison sample is shown in the bottom panel of Figure 1 . The redshifts span the range 0.08 < z < 0.68, with a me- dian value of 0.38, very similar to the binary candidates de-scribed in Section 2.1. The monochromatic luminosity distributions of the binary candidates and the comparison sample are shown in Figure 4 (see Section 2.3 below for a description of the luminosity measurements). The binary candidates span the range 43.27 < log λ L λ (5100 Å)/erg s −1 < 44.68 with a median value of 43.75 and a standard deviation of 0.31. The comparison sample spans the range 43.44 < log λ L λ (5100 Å)/erg s −1 < 45.17 with a median value of 43.88 and a standard deviation of 0.33. The shapes of the redshift and luminosity distributions of the SBHB candidates and comparison quasars are not identical, of course, as indicated by the Kolmolgorov-Smirnov (KS) test, which gives probabilities that the redshift and luminosity distributions were drawn from the same parent population of 0.002 and 0.006, respectively.
The distribution of rest-frame time intervals is shown in the top panels of both Figure 5 and Figure 6 . The median, observed-frame time interval between observations of the same object in this sample is approximately 225 days, with concentrations of time interval between observations at less than 100 days and approximately 300 days (these are not obvious in relevant histograms because a very fine binning would be required to resolve them, but the concentrations are evident in the associated scatter plots). The minimum time interval in the observed frame is less than a day, and the maximum is nearly eight years.
Spectral Decomposition and Emission-Line
Measurements In order to isolate the broad Hβ line and quasar continuum, we perform a spectral decomposition that deblends the quasar continuum, optical Fe II, Hβ, and [O III] emission components. All line and continuum fitting is performed using the IRAF task SPECFIT (Kriss 1994) in three steps. This process is qualitatively similar to the approach of Paper I and was adopted because, in objects where the line profiles are particularly complex, it is more effective at characterizing the red wing of Hβ under the [O III] emission than methods that fit all the components simultaneously (e.g., Shang et al. 2005) . In fact, attributing various components of the fit to different physical regions is not advisable, but it is unavoidable in this case, and we feel that this method minimizes the danger of misrepresenting the data.
In the first step, we fit and subtract the optical continuum, which includes contributions that can be characterized by the combination of a featureless power law of the form f λ ∝ λ −α and the optical Fe II template of Véron-Cetty et al. (2004) . We adopt two suites of two initial guesses, where the initial guesses differ in the properties of the starting power law. The first suite includes only the power-law continuum and Fe II template. The second suite adds a Gaussian to account for He II λ4686 emission and was only selected when the He II emission was visually evident in the spectrum. The fit is optimized in three windows at 4150-4200, 4435-4700, and 5100-5700 Å and the best fit is selected by applying the Bayesian Information Criterion (hereafter BIC, Schwartz 1978) . Although it is appropriate to minimize the χ 2 statistic when performing the fit, the reduced χ 2 is ineffective at choosing between models because a fit with more free parameters will always perform better at this test. The BIC provides an evaluation of the goodness of fit, similar to that provided by the reduced χ 2 , but penalizes the model based on the number of free parameters, and thus evaluates whether the addition of new free parameters truly improves the fit. In a minority of cases, the optical continuum was not well fitted by the above procedure; For example in some cases where data were missing in one of the fit windows. In these cases, manual adjustments were made to the initial guess or wavelength range of the fit. Finally, continuum-subtracted spectra were generated by subtracting the best-fitting optical continuum model from the data.
In the second step, we characterize the [O III] λλ4959, 5007 emission lines and subtract them. We parameterize the profile of narrow emission lines in the spectrum based on the profile of the [O III] λ5007 line. In order to isolate that line, we fit a low-order polynomial to the local continuum (i.e. the red wing of the broad Hβ line) in manually selected wavelength windows. The polynomial is temporarily subtracted and the remaining [O III] λ5007 line is fitted with two Gaussians to adequately account for any possible profile asymmetry (no physical meaning is attributed to the individual Gaussians). The [O III] λ4959 line profile is then taken to be identical to that of [O III] λ5007, but appropriately shifted in wavelength and scaled down in flux by a factor of 1/3. With the [O III] profiles thus characterized, the low-order polynomial is added back to the data and the [O III] doublet is subtracted to isolate the Hβ profile.
In the third and final step, we decompose the Hβ profile. In typical quasars, the Hβ profile can be adequately represented by a combination of four Gaussian components. Two of the Gaussians account for the narrow Hβ line and are constrained to create a profile identical in shape and tied in wavelength to the [O III] λ5007 line, although the flux of the profile is allowed to vary and even to be zero if this provides the best fit. The other two Gaussians are allowed to vary freely to characterize the broad Hβ line. In cases where these profiles are very complex, an additional Gaussian is necessary to adequately characterize them. These cases are identified by visual inspection, and are outliers in the distribution of reduced χ 2 when we fit them with only two Gaussians (typically, χ 2 /ν > 16). Including the third Gaussian results in a decrease in the BIC of > 10, indicating that the additional free parameters associated with the third Gaussian significantly improve the fit. An example of the fitting results is shown in Figure 7 .
We measure spectral properties from the parametric models obtained for the Hβ and [O III] λ5007 lines in the SDSS spectra and give the results in Tables 3 and 4 . The total line fluxes are obtained by integrating the emission-line model where the model is above 1% of the peak flux density of the line. We verify visually that this scheme includes the entire line flux (see Appendix A.2 for a detailed discussion). The continuum luminosity is measured at 5100 Å from the power-law component of the continuum fit and is included in Table 4 . The continuum luminosity distributions for the SBHB candidates and comparison sample are shown in Figure 4 . The luminosity range in both samples is relatively narrow, spanning only about an order of magnitude.
Using the spectral decompositions, we also determine a suite of parameters to characterize the Hβ and [O III] λ5007 line profiles. Although not all of these quantities are needed for the variability analysis carried out in this paper, we include them in Tables 3 and 4 for future reference. Following Paper I, the first four central moments of the line profiles, µ n , are calculated from From these measurements we can derive the skewness coefficient, s = µ 3 /µ 3/2 2 , which describes the degree of asymmetry of the profile. Symmetric profiles have s = 0 and positive values of the skewness coefficient indicate that the line leans to bluer wavelengths (i.e., the red wing is more extended than the blue). The kurtosis coefficient, k = µ 4 /µ 2 2 , describes the shape of the line profile, with boxy profiles having smaller values of k. We also calculate the Pearson skewness coef-
2 . In this case, λ m is the median wavelength corresponding to the point where the area of the line profile is split in half. Note that this definition matches that given in Paper I, but the values given in Table 4 of Paper I had the sign reversed, inadvertently. We correct this mistake in this paper. Positive values of the Pearson skewness coefficient also describe blue-leaning line profiles.
An accurate accounting of the uncertainties associated with the spectral properties must include both the effect of noise in the spectrum as well as uncertainties incurred during the interactive fitting procedure. To estimate these uncertainties we carry out Monte Carlo simulations of the spectral decomposition. First, we select five spectra that span the range of S/N present in the sample of SBHB candidates, making an effort to include instances of qualitatively different spectral properties. We calculate the S/N within ±25 Å of the peak of the broad Hβ profile after continuum subtraction. For each of these five objects, we generate fifty realizations of the best-fitting model spectrum by adding Gaussian noise with a constant amplitude equal to that measured at the peak of the broad Hβ line. Each synthetic spectrum is then run through the spectral fitting procedure (including the interactive continuum placement and line fitting) and all of the spectral properties are measured by fitting the synthetic spectrum in the same manner as the observed spectrum (see description above). We adopt the resulting standard deviation in the distribution of each measured property as the uncertainty for that measurement at that S/N. As an example of the outcome of this experiment, we show in Figure 8 We find that the uncertainty usually scales as either (S/N)
or (S/N) −1/2 . In a handful of cases, we fit the fractional uncertainty (relative to the mean of the distribution of realizations) rather than the absolute uncertainty as a function of S/N because we find that this relationship is much more clear. Using these relationships we estimate uncertainties on the measured quantities for the objects in the sample. For the FWHM and peak wavelength shift of [O III], we find a negligible spread in the values measured from the synthetic spectra, likely because the line profiles have strong peaks and few data points, therefore we set the following upper limits to these uncertain-ties: 70 km s −1 and 30 km s −1 , respectively. In Appendix A we investigate the sources of uncertainty in detail, including the uncertainty arising from the choice of method for decomposing the spectra. The results presented in the tables of this paper do not include the uncertainty from the choice of decomposition method.
The primary objective of the multi-epoch spectroscopy of the SBHB candidates is to search for radial velocity variations, which will be the topic of an upcoming paper. As a result, while particular care was taken with the wavelength calibration, the absolute flux calibration can be uncertain by up to a factor of two, largely because of variable seeing. To bypass this uncertainty, we assume that the integrated [O III] luminosity does not change over the time scales spanned by our observations. To support this assumption, we verify that the narrow-line regions (NLRs) of our targets have a smaller angular size than the spectrograph aperture (circular fibers with a radius of 1.
′′ 5 in the case of SDSS spectra and a slit with a width of 1.
′′ 5 in the case of follow-up spectra). To do this, we use luminosity-based prescription of Bennert et al. (2002) , which gives a measure of the outer extent of the NLR (R NLR , defined as the radius of the ring aperture where the [O III] flux in their images drops to 3σ above the background and typically enclosing 98% of the detectable emission) as a function of the [O III] luminosity. The scatter in this relationship is 0.14 dex in log(R NLR ), so in order to obtain an upper limit on the size of the NLR in our objects, we add this to the values calculated from the prescription. For maximum sizes of the NLRs in our sample, we use the [O III] luminosity from the SDSS spectrum for each object (because these have the best flux calibration) and obtain 800 pc < R NLR, max < 14600 pc with a median value of 2700 pc and corresponding angular sizes of 0.
′′ 12 < α < 1. ′′ 46 with a median value of 0. ′′ 42. Based on this calculation, none of the objects in the sample have maximum NLR sizes larger than 1.
′′ 5. The angular sizes that we estimate are also consistent with expectations from more recent work (e.g., Hainline et al. 2013 Hainline et al. , 2014 . Given that the images of Bennert et al. (2002) and Young et al. (2014) show that the NLR emission is actually concentrated far inside of the outermost extent that is measured by R NLR , we determine that there should be no variability as a result of a small size or orientation of the spectroscopic slit. Intrinsic narrow-line variability in response to changes in the ionizing continuum can take place on time scales of years (e.g., NGC 5548 which demonstrates about 20% variation over 20 years, suggesting that the NLR extends down to a few parsecs, Peterson et al. 2013) . Because the NLR is so large in the binary candidates and comparison sample, which are more luminous than NGC 5548, we do not expect intrinsic variability on the time scales of our observations. Thus, whenever we compare two spectra from this point forward, we scale all flux densities and integrated line fluxes so that the integrated [O III] flux of the later observation matches that of the earlier one.
3. ANALYSIS 3.1. The Distribution of Magnitude Differences In this work, we consider the rest-frame, ensemble flux variability in the continuum and Hβ emission line. Because each object in the SBHB candidate sample has only been observed a handful of times, the light curves are poorly sampled and cannot provide a useful characterization of the variability of individual objects. Therefore, we consider the variability of the sample of SBHB candidates as a whole by means of the structure function. In this approach, we consider every possible pair of spectra for each object to obtain a measure of the dispersion in the magnitudes, where ∆m = −2.5 log( f 1 / f 2 ), at different time scales for the entire sample.
For the SBHB candidates, the right panels of Figures 2 and  3 show the distributions of continuum and integrated Hβ magnitude differences, respectively, of unique pairs of observations. Although the distribution is centered near zero there are noticeable wings that are more pronounced for Hβ than the continuum. The distribution of continuum magnitude differences has a median of −0.05 and standard deviation of 0.43 while the distribution of Hβ magnitude differences has a median of −0.03 and a standard deviation of 0.59.
The distribution of magnitudes does not take into account the time interval between observations, which is known to play a role in determining the amplitude of flux variability in typical quasars (Vanden Berk et al. 2004; MacLeod et al. 2012) . Figures 2 and 3 also show the continuum and integrated Hβ magnitude differences, respectively, for the SBHB candidates as a function of the rest-frame time delay between the observations. It is readily apparent that a substantial fraction of observations are separated by 1000-3000 days. This is a direct result of the observing strategy we adopted, where the goal was to evaluate the binary hypothesis based on the Hβ radial velocity variability. It is also noteworthy that the distributions of continuum and integrated Hβ magnitude differences are fairly similar.
Ensemble Variability
In order to quantify the ensemble variability of the SBHB candidates as a function of the time interval between observations, we compute the structure function, which provides a measure of the average relative change in the flux of the objects in the sample. There are multiple definitions in the literature, we adopt two here. The first version and the corresponding uncertainty, from Vanden Berk et al. (2004) , are defined as follows:
We evaluate the magnitude difference ∆m = −2.5 log( f 1 / f 2 ) between two epochs (rest-frame time interval ∆t), after scaling the later spectrum to the same [O III] flux as as the former spectrum. The quantity σ ∆m represents the formal measurement uncertainty in ∆m and σ rms,∆m and σ rms,σ∆m are the standard deviations of the ∆m and σ ∆m distributions. The structure function is then calculated in time interval bins.
The second version of the structure function we consider is defined by MacLeod et al. (2012) as
where IQR is the interquartile range (full width at quarter maximum) of the cumulative ∆m distribution and σ 2 ∆m is the median of the squared ∆m measurement uncertainties. The uncertainty in this structure function is simulated by bootstrap resampling of the distribution of ∆m 1000 times, calculating the corresponding value of the interquartile range for each iteration, and finally evaluating the width of the resulting distribution of SF IQR . For either definition of the structure function, the variability can only be characterized if it is detected above the uncertainties on the measurements. In practice, this has the following consequences. First, on short time scales where the variability amplitude is small, we are not always able to measure the structure function. Second, because the two definitions of the structure function are slightly different, the temporal bins where the structure function is undetermined can differ. This means that for some time intervals, one of the two definitions yields a meaningful measurement of the structure function while the other does not.
For Gaussian distributions of ∆m, SF and SF IQR will be identical, but for distributions with more prominent wings (e.g., an exponential distribution), the value of SF IQR will be smaller than the value of SF corresponding to the same time interval. SF IQR is particularly robust against outliers that result from bad data and is an especially sensitive measure of variability at short time scales where the amplitude of the variability is small (MacLeod et al. 2012 ). Because we are particularly interested in longer time scales with the SBHB candidates, it is not clear that the IQR structure function is preferable, so we consider both forms of the structure function. Given the distribution of magnitude differences in Figures 2 and 3 , we expect to find SF IQR (∆t) < SF(∆t).
In calculating the structure function, it is common to include a term to account for the photometric uncertainty. This can be done by calculating the structure function either of nearby non-varying stars, or [O III], which is assumed to remain constant. However, we are assuming here that the [O III] flux remains constant and we use it to re-normalize the spectra before calculating ∆m, which, in turn does not allow us to determine the photometric uncertainty in this fashion. Instead, we propagate the uncertainties in the integrated [O III] flux resulting from the spectral decomposition into the error bars on the structure function. In some cases these uncertainties can be very large, so we calculate the structure function using only measurements with small uncertainties (as determined from three iterations of 3σ clipping on the distribution of percent uncertainties in each ∆t bin). In practice, this approach trims a small number of data points with uncertainties greater (1) and (3) are shown in the top and bottom panels, respectively. At the shortest time scale the value of the structure function here is driven primarily by observations of one object and may not accurately reflect the ensemble variability of the sample. We find that the shapes of the continuum and emission line structure functions are very similar, i.e. the majority of data points match within the uncertainties.
than 50%, leaving the majority of points with uncertainties of less than 10%. The continuum and Hβ structure functions for the SBHB candidates are shown in Figure 10 . We have selected logarithmic time bins so as to get an equal number of pairs of observations in each bin and adopt this binning for all the structure functions of the SBHB candidates in this work. We find that the structure functions for the continuum flux density and the integrated Hβ line flux agree with each other within the uncertainties for the SBHB candidates. This is true for both definitions of the structure function that we have adopted here.
For both definitions of the structure function, the variability in the shortest time scale bin (< 20 days) appears very large. While most observations in this bin show small variability, the value of the structure function here is driven primarily by many observations of one object which shows large variability. Thus, we do not regard this point as indicative of the ensemble variability of the SBHB candidates and exclude it from later figures.
Comparison to the Sample of Typical SDSS Quasars
To assess whether the behavior of the SBHB candidates differs significantly from that of typical quasars, we compare their variability properties to those of the sample of typical quasars presented in Section 2.2. We measure the structure functions of this sample in the same fashion as the SBHB candidates, although we use a new set of temporal bins for this purpose, appropriate for the time sampling of the quasar fluxes. The magnitude differences of the continuum and the Hβ are shown as a function of the rest-frame time interval in Figures 5 and 6 , respectively. The time intervals between observations are clearly concentrated at values below 700 days, much shorter than those available for the SBHB candidates. This is an inevitable consequence of the fact that the spectra of the comparison sample were obtained as part of the SDSS I-III surveys. In contrast, the follow-up spectra of many of our SBHB candidates were obtained long after their original SDSS spectra, therefore the time interval between those observations are longer. A cursory inspection of these figures shows relatively few objects exhibiting relative flux variations greater than 50%. The distribution of continuum magnitude differences, shown in the right panel of Figure 5 , has a median of 0.03 and standard deviation of 0.22. The distribution of Hβ magnitude differences, shown in the right panel of Figure 6 , has a median of 0.02 a standard deviation of 0.28. We characterize the ensemble variability properties of the comparison sample by calculating the structure function, as discussed in Section 3.2. The structure functions for the continuum at 5100 Å and the Hβ emission line are presented in Figure 11 . According to the structure functions, the fractional variability amplitude in this sample is generally on the order of 10-30%, although it increases with increasing time interval. In Figure 12 we compare the continuum structure function of the SBHB candidates to that of the comparison sample and in Figure 13 we show an analogous comparison for the Hβ structure functions. We find that the SBHB candidates display variability that is consistent with that observed for typical quasars in a similar redshift and luminosity range, on the order of 10-30%. On the shortest time scales the variability may be even less, but that measurement is hindered by the magnitude of the uncertainties.
To ascertain the robustness of the structure functions and verify the error bars, we simulate the effect on the structure function of perturbing the data within the measured uncertainties. The ∆m distribution is redrawn by randomly selecting flux ratios for each object in the sample from a normal distribution with mean and standard deviation equal to the flux ratio measurement and uncertainty, respectively. The ∆m distribution is then propagated into a structure function assuming the observed uncertainties. We repeat this process 10 3 times and determine the median of the SF and SF IQR distributions in each time bin and their associated standard deviations. We find that this method reproduces the observed flux ratio distribution within the uncertainties and preserves the mean. We conclude that our uncertainties are reasonably characterized and that the match between the structure functions of the SBHB candidates and the comparison sample is robust.
We also ask what the structure functions would look like with zero variability, given the observed uncertainties. This is simulated in an identical fashion, except the flux ratios are generated from a normal distribution around unity. We find that zero variability gives a flat structure function near but not equal to zero. This occurs because the structure function involves the root-mean-square of the absolute values of magnitude differences, therefore, positive and negative excursions from the mean magnitude do not cancel out. This confirms that, within the observed errors, the observed structure functions are not consistent with zero variability.
In view of the different distributions of time intervals for the SBHB candidate sample and the comparison sample, we can only make a direct comparison of the measured structure functions for time intervals between 300 and 900 days. To assess the similarities between the structure functions of the two samples further, we ask whether the models in the literature that are used to describe the structure functions of typical quasars can also describe the structure functions of the SBHB sample.
The structure functions of typical quasars are generally well parameterized by simple power-law functions (e.g., Vanden Berk et al. 2004; MacLeod et al. 2012) as well as modified exponential functions that are motivated by damped random walk models. Because we see evidence of a turn-over in the structure functions of the SBHB candidates on time scales around 1000 days, we adopt a modified exponential here. There is some variation in the exact form that is adopted, for example Vanden Berk et al. (2004) adopt a power-law model, but we choose the form used by MacLeod et al. (2012) because it is able to reproduce the break that we see in our structure functions. The parameterization is
where SF ∞ and τ are adjustable parameters describing the normalization and break time, respectively. The resulting fits are also shown in Figures 12 and 13 with the best-fit parameters listed in Table 5 . Note that we find τ ∼ 10 days for the Hβ structure function calculated from Equation 1 (shown in the top panel of Figure 13 ). This value is not constrained because the variability on short time scales cannot be distinguished above the noise, hence no turnover is observed in the structure function. We find that the parameterizations of the combined SBHB candidate and comparison structure functions here are generally consistent with those in the literature. For structure functions of the continuum light between 4000 and 6000 Å, sampled on rest-frame time scales of approximately 1-1000 days, MacLeod et al. (2012) find that their data are well fit by SF ∞ = 0.222 ± 0.13 mag and τ = 638 ± 98 days. This break and normalization are comparable to the parameterizations for both continuum structure functions.
In the range of time intervals from 300 to 900 days, the structure functions of the SBHB candidates and the comparison sample overlap and are in good agreement with each other. Furthermore, the structure functions of the SBHB candidates and comparison sample can be well fit with a common model described by parameters comparable to those obtained for samples of normal quasars. This suggests that the SBHB candidates exhibit variability consistent with that expected for regular quasars on timescales > 900 days. Hence, we conclude that the variability properties of the binary properties are similar to those of regular quasars.
4. IMPLICATIONS OF OBSERVED VARIABILITY PROPERTIES Our main, new observational result is that, on time scales longer than approximately one year the variability of both the continuum flux and the broad Hβ emission line flux in the SBHB candidates is consistent with the 10-30% observed in typical quasars of similar redshift and luminosity. Additionally, the continuum structure functions of the SBHB candidates and the quasars of the comparison sample can be described by a common model. The same is true of the Hβ structure functions. Since we are only able to sample the stochastic variability of the SBHB candidates in a statistical sense and on relatively short time scales, we cannot carry out direct tests of specific models for the interaction of a SBHB with a circumbinary disk. The models of D'Orazio et al. (2013) and Farris et al. (2014) predict periodic variability on time scales ranging from about half to about 10 times the orbital period. The variability arises from accretion rate fluctuations on the orbital period which can also lead to flux variability because of beaming with half that period. On time scales longer than the orbital period, the variability is caused by tidal interactions of the binary with the circumbinary disk, leading to bright spots in the disk. These time scales would amount to several decades to many centuries for the SBHB candidates in our sample, in sharp contrast to the time scale we have probed, which are ∼ 1 month to ∼ 12 years. In order to carry out direct tests of the models, we would need to obtain light curves of individual objects spanning much longer temporal baselines.
These results suggest three possible conclusions. (a) The binary candidates are, in fact, not SBHBs, and the mechanism responsible for the offset broad lines does not leave an imprint on the variability properties of these objects. In this case, the binary candidates still represent a very interesting population of quasars where some mechanism in the BLR has produced offset broad emission lines, as well as the correlation noted in Paper I and reproduced here where the lines are skewed in the direction of their shift. For example, such a mechanism may be a 1-arm spiral or a warp that leads to a high-contrast, nonaxisymmetric perturbation in a disk-like BLR (see examples in Lewis et al. 2010; Wu et al. 2008, respectively) . Thus, the peak of the broad line is displaced according to the projected velocity of the brightest portions of the disk. (b) Some objects in the sample are SBHBs, but the contamination of our sample by objects that are not is enough to prevent our detecting a difference, even though SBHBs have different variability properties. (c) SBHBs have the same variability properties as regular quasars. In order to say more about the first two points, we require the accumulation of additional lines of evidence, particularly the radial velocity curves that will be the focus of an upcoming paper.
In the context of the third possibility, our main result suggests that, if the observed Hβ flux variability is the result of reverberation of the continuum, then the extent of the BLR of the SBHB candidates is comparable to that of typical quasars. Thus, in the remainder of this section, we consider the implications of these results for the structure of the BLR in the SBHB candidates. We restrict our discussion to the specific scenario in which the offset broad emission lines arise in a BLR that is associated with the secondary BH in a SBHB. Shen et al. (2013) and Ju et al. (2013) have already attempted to constrain the orbital properties of the SBHB population based on the observed properties of the candidates. Here, we are interested in examining a more specific question in the context of our variability data: if the BLRs of SBHB candidates have a similar extent to those of typical quasars, what are the ensuing constraints on the orbital parameters of the hypothesized SBHBs? To this end, we compare the extent of a typical BLR to characteristic length scales in the binary, the size of the Roche lobe of the accreting black hole and the radius at the which the accretion disk of the accreting black hole is truncated because of the tidal effect of its companion.
We begin by collecting here a number of constraints derived by combining observations and basic orbital mechanics. As in Paper I, we assume that only the secondary (less massive) BH is active, in other words, all observed properties of the AGN, such as the bolometric luminosity and the Eddington ratio, refer to the secondary. Adapting equations (1) and (2) of Paper I, we write the orbital period and separation of the binary as
and
where q = M 2 /M 1 < 1 is the mass ratio, M 8 is the total mass of the binary in units of 10 8 M ⊙ , and V 2,3 is the true orbital velocity of the secondary in units of 10 3 km s −1 , assuming a circular orbit. In Paper I we presented the observed distribution of projected orbital velocities, u 2 = V 2 sin i sin φ (where i and φ are the inclination and phase angles of the binary), spanning a range from one to a few thousand km s −1 . Therefore, as long as i and φ do not have extreme values, we expect V 2,3 to be of order a few. Combining equations (5) and (6) pc .
In Figure 14 we show graphically the physical parameter space described by the binary separation, a (in pc), and the total mass of the two BHs, M 8 (≡ M tot /10 8 M ⊙ ). The dotted lines in Figure 14 show the relation between a and M 8 (a ∝ M 8 ; see eqn. 6), for a fixed value of the orbital speed of the secondary BH (V 2 = 4000 km s −1 ), and three different values of the mass ratio (q = 0.01, 0.1, and 1). These lines effectively delineate the entire range of combinations of a and M 8 since the q = 0.01 line is nearly identical to the q = 0 line and since q > 1 contradicts our basic assumption that only the secondary BH is active. The solid lines in Figure 14 are lines of constant orbital period, following Kepler's third law (a ∝ M 1/3 8 ; see eqn 7). If the orbital speed of the secondary BH increases, then the lines of constant q move towards the lower right; their horizontal shift corresponds to a change in M 8 by a factor (V 2 /4000 km s −1 ) 2 as prescribed by equation (6). In order for gas in the vicinity of the secondary black hole to be gravitationally bound to it, the gas must be within its Roche lobe. The following parametric expression for the effective radius of the Roche lobe of the secondary, R L2 (the radius of a sphere with the same volume as the Roche lobe), relative to the binary separation, a, is given by Eggleton (1983 
At some critical distance from the secondary, the accreting object stops dominating the potential, which departs significantly from spherical symmetry with the result that orbits (coplanar with the binary orbit) at that radius cannot be circular. Therefore an accretion disk around the secondary is truncated at this critical distance because particle orbits start to cross each other. Detailed calculations of the disk truncation radius are presented by Paczynski (1977, and references therein) . For our purposes we adopt the following approximate expression for the truncation radius relative to the Roche lobe radius by Eggleton (2011, section 6.1, eqn 6.8)
where x L (q) is given by equation (8). In Figure 15 , we illustrate how the secondary Roche lobe radius and the truncation radius vary with the mass ratio for a binary with a = 0.3 pc and M 8 = 1 (hence P ≈ 1500 yr). For a larger value of a, R L2 and R tr increase proportionally. However, R tr is always small compared to R L2 and a.
To estimate the extent of the BLR we start with the empirical radius-luminosity (R BLR -L) relationship of Bentz et al. (2013) , connecting the reverberation lag of the broad Hβ flux, τ Hβ , to the monochromatic luminosity of the AGN at 5100 Å. This relationship is calibrated over four orders of magnitude in monochromatic luminosity and has some scatter, whereas our sample spans a relatively narrow luminosity range (about an order of magnitude). To account for the scatter, we do not apply the R BLR -L directly but instead we consider the measured lags of the AGNs in Bentz et al. (2013) with luminosities in the same range as the AGNs of our sample. For this narrow range of luminosities there is no discernible correlation therefore we simply adopt the median lag to obtain an estimate of R BLR = c τ Hβ = 0.017 +0.014 −0.006 pc, corresponding to a monochromatic luminosity of log[λL λ (5100 A)/erg s −1 ] = 43.62. The upper and lower bounds on R BLR define the intervals within which we find 1/3 of the Bentz et al. (2013) AGNs above and below the best value of R BLR , respectively (analogous to "±1σ" intervals). The extent of the BLR (its effective outer radius) is likely a few times larger than R BLR , as evidenced by the following observational results: (a) The Hα line responds to continuum variations with a lag that is approximately twice as long as that of Hβ (e.g., Grier et al. 2013; Bentz et al. 2010) . Similarly, the lines of the optical Fe II complex respond to continuum variations with a lag that is approximately 2-3 times as long as that of Hβ (Barth et al. 2013) . (b) The dust sublimation radius, as inferred from interferometric imaging and from the reverberation lag of the near-IR continuum relative to the optical continuum is 4-5 times larger than R BLR (e.g., Kishimoto et al. 2011; Suganuma et al. 2006; Koshida et al. 2014) . In view of the above results, we take R dust = 4 R BLR to be a plausible estimate of the maximum extent of the line-emitting gas in the BLR of a typical quasar. Because of the scatter in the R BLR -L relation we illustrate the outer extent of the BLR as a broad band rather than a sharp line in Figure 14 . In the illustration of Figure 15 we show the BLR and dust sublimation radii as dashed lines. For the combination of binary parameters adopted in that illustration, R BLR can be either smaller or larger than R tr depending on the value of q, but it is always smaller than R L2 . In contrast, R dust is always larger than R tr , but it can be either smaller or larger than R L2 depending on the value of q.
If we suppose that the extent of the BLR of SBHB candidates is the same as that of typical quasars, then we obtain lower limits on the orbital separation and total mass in the binary. We consider two scenarios to place constraints on the binary properties, amounting to two ways of placing the truncation radius relative to the dust sublimation and BLR radii (see example in Figure 15 ).
In the first, more extreme scenario, we require that R dust < ∼ R tr , which is equivalent to assuming the BLR has the same extent as in a typical quasar of a given luminosity. This condition can also be viewed as a requirement that the potential in the outskirts of the BLR is still dominated by the secondary BH. If we adopt this scenario, we effectively assume that the binary separation is large enough that the BLR must not be tidally truncated by the primary black hole. Thus we obtain the dashed black line at the upper right corner of Figure 14 , which is based on the best estimate of R dust . The grey band represents the uncertainty in R dust about the best estimate, arising from the scatter in the correlation between R dust and quasar luminosity. The allowed values of a and M 8 are in the strip between the extreme values of q and above the R tr = R dust band. This leads to larger orbital separations and we infer large total masses, > ∼ 10 10 M ⊙ , and very long orbital periods, > ∼ 10 3 yr. In the second scenario we require that R dust < ∼ R L2 , which is equivalent to assuming only that the BLR is bound to the secondary BH. This case is more conservative in the sense that it results in less stringent constrains on the properties of the binary given that the extent of the BLR is set by the observed quasar luminosities and R L2 > R tr . This more generous assumption leads to masses > ∼ 10 9 M ⊙ and periods > ∼ 10 2 yr, as indicated by the dashed black line and grey band at the lower left corner of Figure 14 . We consider this possibility more likely because the emission line profiles of our SBHB candidates are generally asymmetric, unlike the typical quasar population (see, for example, Figure 5 of Paper I). Their asymmetries suggest that the structure of the BLR in SBHB candidates is not typical; this may result from the tidal effect of the primary BH onto gas that is bound to the secondary BH. The above constraints are modified if we adopt a higher value Figure 15 . Comparison of the secondary Roche lobe radius (R L2 , solid black line) and truncation radius (Rtr, solid red line) to the empirically calibrated BLR radius (R BLR , lower dashed line) and dust sublimation radius (R dust , upper dashed line). In this particular realization we have assumed a binary with a total mass of 10 8 M ⊙ (M 8 = 1) and an orbital separation of a = 0.3 pc and we plot R L2 and Rtr as a function of the mass ratio, q. We take R BLR = 0.017 pc and R dust = 0.068 pc; these are fixed since they depend on the luminosity of the active BH. More details can be found in Section 4 of the text.
of the orbital speed of the accreting BH. Specifically, we can set V 2 = 8000 km s −1 without violating the observational constraints, which would lead to an allowed mass range that is four times higher than that depicted in Figure 14 for a given orbital separation, and orbital periods that are approximately a factor of two shorter. The question of the allowed orbital periods is important because it has a bearing on the detectability of radial velocity variations. If the expected orbital periods are of order 10 3 yr, as in the first scenario described above, then we would not be able to detect significant radial velocity variations in our ongoing spectroscopic monitoring program with observations spanning a decade (see illustration in Fig. 5 of Decarli et al. 2013) . Thus, if we do detect significant velocity variations, we may conclude that, in the context of the SBHB scenario one or more of the following may be true: (a) the mass of SBHB is > ∼ several × 10 9 M ⊙ , as long as the secondary BH is the one that is active, (b) the BLR is not confined within the truncation radius defined by equation (9), (c) the BLR is associated with the primary BH. Possibility (c) implies that q > 1, effectively, which corresponds to the lower right corner of Figure 14 where the equations above no longer apply and must be re-cast accordingly.
SUMMARY
We have presented new spectroscopic observations of a sample of 88 quasars that are candidate SBHBs. These were selected in Paper I based on the fact that their broad Hβ emission lines are displaced from the frame of their host galaxies by ∼ 1000-5000 km s −1 , which was taken as the signature of motion of the accreting BH around an unseen compan-ion. Moreover, in the first round of followup observations, presented in Paper I, ∼ 20% of the objects observed showed changes in the velocity offsets of their broad Hβ lines that were consistent with binary motion. Our primary goal in this paper was to present the new observations and improvements in our analysis methodology, including a more extensive analysis of the uncertainties. The new observations extend the temporal baseline of our ongoing monitoring campaign and form the basis for a study of radial velocity variations, which will be the subject of a forthcoming paper.
We have also taken this opportunity to study the variability of the optical continuum and the integrated flux of the broad Hβ emission line in the sample of SBHB candidates. We compared the variability properties of this sample with those of a comparison sample of typical quasars of similar redshift and luminosity with multiple epochs of spectroscopy available from the SDSS. We decomposed the optical spectra to separate the quasar continuum, broad Hβ, and narrow [O III] emission and calculated spectral properties. These measurements, which are of general interest for the sample but are not all used in this work, are presented in an appendix along with a careful analysis of the associated uncertainties.
For each sample, we calculated the structure function for the optical continuum and broad Hβ emission line. We found that the ensemble variability of the SBHB candidates is consistent with that of the comparison sample of typical quasars on time scales of approximately one year or longer. Moreover, the continuum and Hβ structure functions of the two samples are described by a common model, with parameters applicable to typical quasars. This result is robust in the sense that it cannot be a consequence of measurement uncertainties and is inconsistent with no variability. Furthermore, the amplitude of variability of the broad Hβ emission line on a given time scale is comparable to that of the optical continuum measured at 5100 Å. One possible conclusion is that, taken together and assuming that the Hβ flux variability is driven by the continuum variability, these results suggest that the extent of the BLR is SBHB candidates is similar to that in typical quasars. But other interpretations are possible, as we note at the beginning of section 4.
We have considered the implications of these results in the context of the binary hypothesis. If we suppose that the BLR of SBHB candidates is similar to that of typical quasars and is not truncated by the binary companion (our first scenario), we infer long orbital periods ( > ∼ 10 3 yr) and large total masses ( > ∼ 10 10 M ⊙ ). If, however, we only require that the BLR gas is contained within the Roche lobe of the accreting BH and its outer parts can feel the tidal influence of the companion (our second scenario, a more likely possibility in view of the skewed and asymmetric Hβ profiles), we infer orbital periods and masses that are approximately an order of magnitude lower. These inferences can be tested by measurements or limits on radial velocity variations, which will be the focus of a forthcoming paper.
APPENDIX EVALUATION OF UNCERTAINTIES IN SPECTRAL MEASUREMENTS
In this appendix we carry out a variety of tests to quantify the uncertainties in the quantities reported in this paper, including the moments of the line profiles and other properties of the broad emission lines. We pay particular attention to uncertainties arising from the decomposition of the observed spectra since the method one uses for the decomposition may lead to systematic errors in the results (e.g., Denney et al. 2011; Runnoe et al. 2013) . We begin by comparing the results from two different decomposition methods, the one adopted in this paper and the one adopted in Paper I. We then consider how the measurement of moments of line profiles is influenced by noise in the wings of the profiles, which leads us to define an optimal spectral window around the peak of the line profile for making such measurements. Finally we examine the differences resulting from making measurements on the observed spectra and on the parametric models that describe these spectra and close with a comparison of the profiles moments measured in Paper I and those measured here. Denney et al. (2009) considered this issue for two objects observed multiple times during reverberation mapping campaigns and concluded in those cases that the measurements yield similar results. We are interested in this question generally, but also more specifically for objects with shifted broad emission lines.
The Effect of the Spectral Decomposition
We use the SDSS spectra from our sample to address this question because we have decomposed them twice, first following the method described in Paper I and again following the new method described in Section 2.3. There are two significant differences between these methods. Firstly, Paper I uses the Boroson & Green (1992) Fe II template whereas here we adopt the template of Véron-Cetty et al. (2004) . The primary difference between these templates is that Véron-Cetty et al. (2004) identified a region of narrow lines and excluded these from their Fe II template. In practice, the two templates are similar with a small difference around 5000 Å that can be important, particularly when the Fe II emission lines are strong and/or narrow. Secondly, we adopt a different procedure for subtracting the narrow lines than in Paper I. In both cases, an [O III] line is used to constrain the shape of the narrow Hβ. In Paper I, a narrow line template was constructed by fitting the [O III] profiles with a cubic spline after fitting the Table 6 by up to 5 iterations of 3σ clipping. Middle: distribution of the measurement discrepancy described in Appendix A.1. Bottom: The discrepancy as a function of S/N in broad Hβ. The dashed line shows the median value for the discrepancy after clipping. underlying wing of the broad Hβ line with a low-order polynomial. Here we fit the [O III] profiles with combination of Gaussians instead. In practice, the method adopted in Paper I tends to subtract more of the underlying flux in the [O III] region than the one adopted here because no assumption is made about the shape the [O III] wings.
In order to make measurements of the spectral quantities of interest (line widths, shifts, fluxes, and profile models; see Table 6 ), we isolate the broad Hβ profile by subtracting the continuum, and the Fe II, [O III] and narrow Hβ lines. The measurements are made directly on the data following the procedure adopted in Paper I and also on the best-fitting model for the broad Hβ profile as in the procedure adopted in this paper. The resulting measurements for two representative quantities are compared Figure 16 . In this figure, the top row shows the measurements from each decomposition method plotted against each other with a unit slope line superposed for reference. The middle row shows the distribution of discrepancies between the measurements. We adopt a convention where the discrepancy in a quantity X is always taken to be ∆X = X Paper I − X Paper II and the fractional discrepancy is ∆X/ X . The bottom row shows the relation between the discrepancy between measurements and the S/N at the peak of the broad Hβ line. Statistical measures describing these distributions are summarized in Table 6 . Figure 16 . The discrepancy in a quantity X is taken to be ∆X = XPap I −XPap II . b The listed value is the standard deviation of the fractional difference distribution, where the fractional difference is ∆X/ X . c The outlier fraction is the fraction of objects rejected after up to 5 iterations of 3σ clipping.
We find that the distributions of discrepancies between measurements often have a small number of significant outliers, which we reject before calculating statistics for the distributions. We iteratively reject > 3σ outliers relative to the median until one of the following three conditions is met: a) there are no > 3σ outliers left b) fewer than 1% of the total points have been rejected in the last iteration, or c) we have repeated the process five times. The rejected points are shown as red open circles in the relevant scatter plots and are included in the relevant histograms. These points are excluded when calculating the statistics reported in Table 6 and their fractional number is included in the last column of the table.
To investigate whether the magnitude of the discrepancies depends on the S/N at the peak of the broad Hβ line, we evaluate the root-mean-square dispersion about the best-fitting parametric model near the peak of the line and plot it against the discrepancy in the bottom row of Figure 16 . In most cases displayed in these figures, the discrepancies between methods are smallest at the highest S/N and become larger at lower S/N.
The measurements based on different spectral decompositions agree reasonably well. Trends in the measurement discrepancies (i.e., asymmetries in the histograms of Figure 16 ) can be attributed to the difference in the [O III] subtraction. The method of Paper I depresses the wing of the broad Hβ line more than the method of Paper II and makes the profiles cuspier. Thus the measurements from Paper I give bluer centroid wavelengths, somewhat larger skewness coefficients, and smaller FWQM for the broad Hβ lines. Moreover, the [O III] lines in Paper I have somewhat larger EWs. The relative velocities measured by crosscorrelating broad Hβ spectra are not affected, although the absolute velocity of the broad Hβ lines measured from the original SDSS spectra incurs an uncertainty of 300 km s −1 as a result of the different methods of fitting the profiles around the peak in Papers I and II.
Practices for Measuring Spectral Properties
The practices adopted for measuring spectral properties can vary between authors. Most notably, some authors make the measurements directly from the observed spectra while others fit parametric models to the spectra and make the measurements from the models (e.g., Vestergaard & Peterson 2006 versus Shang et al. 2007 ). Another variation in practices is the wavelength around a broad emission line profile used to make the measurements. We determine the best wavelength window for making spectral measurements by systematically evaluating measured spectral properties for two windowing methods: a fixed window, where a hard wavelength limit is adopted for all objects, and a flexible window that extends from peak wavelength until the flux has dropped to some percentage of the line peak. For the model spectra, we find that the best window is, 4600 − 5100 Å for a fixed-width scheme and down to 1% of the peak flux for a flexible scheme. We prefer the window based on a percentage of the peak flux because of its flexibility; the window can expand to accommodate very broad lines, asymmetric lines, or, in the case of this sample, very shifted lines. In the case of measurements made on the data, a more "conservative" range is required for the flexible window so that the measurement is not influenced by noise. When making measurements on the observed data, it is therefore best to use a window going out from the line center until the spectrum reaches 7% of the peak flux. Measurements involving the height the line peak (e.g., FWHM) are not particularly sensitive to the window, whereas the moments of the line profile and integrated flux do depend on the window; the consequences of using too wide a window are much more significant in measurements made on the data. Following the methodology adopted for comparing measurements from different spectral decompositions, we investigate the differences between making measurements on the data versus the best-fitting model. In general, though it appears that measurements made on the data are more sensitive to the characteristics of and spikes in the noise, we find that the overall effect is negligible (e.g., the fractional difference in the velocity dispersion is 2%) compared to the differences that can result from different spectral decomposition methods.
A Comparison of Measurements in This Sample
In this work we measure spectral properties on the best-fitting models from the decomposition described in Section 2.3 in the wavelength window where the model is greater than 1% of the peak model flux. This differs from Paper I in the spectral decomposition, the wavelength window of interest, and the spectrum on which the measurements are made. As a result, there is scatter between the properties originally measured for the SDSS spectra and those we adopt here. Measured spectral properties are listed here in Tables 3 and 4 and can be compared to the original values in tables 3 and 4, respectively, in Paper I. For the velocity shift of the peak and the Pearson skewness coefficient, we compare the Paper I measurements with our adopted values in Figure 17 . These properties are of particular interest because the velocity shift of the peak anchors the radial velocity curves and because of the correlation between the Pearson skewness coefficient and velocity shift of the peak identified in Paper I. The correlation shown in Figure 5 of Paper I illustrates the tendency for profiles to be asymmetric in the direction of their shift. We find that this correlation is robust against the details of the spectral decomposition and measurement and show it here in Figure 18 . For the measurements in this work, the Spearman Rank correlation coefficient is ρ = 0.419, with a probability P = 7.7 × 10 −5 that this distribution of points would be found by chance. Thus, while the details of the correlation do depend on the measurements, the general trend is robust and statistically significant. 
